Introduction
It is known that oncogenes of DNA-containing viruses can interfere with the stringent cell cycle control machinery and deregulate the cell cycle progression. In adenovirus-transformed cells the levels of cyclins A and E are shown to be increased (Bouchou et al., 1993) , whereas cyclin D, in contrast, is down-regulated (Krannenburg et al., 1992) . Adenovirus Ad5-E1A and HPV E7 products interact with pocket domains of hypophosphorylated Rb family proteins (pRb, p107, and p130) releasing transcription factors of E2F family (Nevins, 1992) . Correspondingly, free E2F is responsible for activation of genes controlling the G1/S transition and progression through S phase of the cell cycle (De Gregory et al., 1995) . Also, E1A forms complexes with cyclin kinase inhibitor p27 KIP by binding with its C-terminal region. This interaction disrupts association of p27 KIP with cyclin/Cdk complexes (Mal et al., 1996) . As for the E7 HPV protein that has regions of homology with E1A, it interacts with p21
Cip1/Waf1 and suppresses the ability of p21
Cip1/Waf1
to inhibit both Cdk-containing complexes and PCNAdependent DNA replication (Funk et al., 1997; Jones et al., 1997) . Direct physical interaction of Ad5-E1A with another inhibitor of cyclin-dependent kinase ± p21
, however, has not yet been documented. Ad5-E1A alone is capable of transforming primary rodent cells albeit with low eciency because it triggers a p53-dependent program of apoptotic death (Rao et al., 1992; White, 1993) . High eciency of foci formation in the presence of Ad5-E1A can be achieved when E1A cooperates with genes that suppress the programmed cell death allowing the E1A expression at high levels (Lin et al., 1995; Sabbatini et al., 1995) . Among these genes, the viral genes E1B19kD and E1B55kD, cellular gene bcl2 and oncogenic cHa-ras that are complementing with E1A to fully transform cells of dierent origin. E1A+E1B19kD transformants expressing the wild type p53 reveal a p53-dependent block at G1/S boundary of the cell cycle (Sabbatini et al., 1995) . In contrast, E1A+cHa-ras-transformed cells are unable to be arrested at G1/S by over-expression of wild type p53 (Lin et al., 1995) .
A direct eect of cHa-ras oncogene on primary ®broblast cells is the p53 activation leading to a G1/S arrest of the cell cycle (Serrano et al., 1997) . The events causing the G1/S block are also initiated in response to DNA damage and mediated through p53-dependent activation of a target gene coding for the p21 Cip1/Waf1 protein (El-Deiry et al., 1993) . It is known that p21
Cip1/Waf1 is a universal inhibitor of cyclin/Cdk complexes during G1 phase of the cell cycle (Xiong et al., 1993) . P21 Cip1/Waf1 is likely to be the main eector of the p53-mediated G1/S block of the cell cycle, the conclusion being based on the results with p21 cip1/waf1 7/7 rodent and human cells demonstrating deregulation of the G1/S transition (Deng et al., 1995; Waldman et al., 1995) . Overexpression of p21 Cip1/Waf1 can promote G2/M arrest (Niculescu et al., 1998) ; however, a G2/M delay occurs even in p53 7/7 or p21 7/7 cells subjected to g-irradiation (Deng et al., 1995; Waldman et al., 1996) .
In this report, we studied the functioning of the components of p53/Rb-dependent pathway in REF cells transformed with E1A+cHa-ras oncogenes and irradiated at dosage of 6 Gy. These transformed cells express high levels of p53, cyclins, Cdks, pocket proteins, E2F transcription factors as well as p21
Cip1/Waf1 and p27 KIP inhibitors. g-irradiation of these cells causes additional accumulation of p53 protein that is capable of increasing the endogenous p21 cip1/waf1 mRNA level. The accumulation of p21
Cip1/Waf1 and p27 KIP proteins, however, does not lead to a suppression of cyclin/Cdk activity and to a G1/S block of the cell cycle following g-irradiation. At least a part of p21 Cip1/Waf1 is detected in complexes with E1A oncoproducts where it is probably inactivated. A temporary G2/M delay induced by g-irradiation in the E1A+cHa-ras cells is followed by formation of polyploid cells that die due to apoptosis. Thus, the combination of functional wild type p53 and inactive p21 Cip1/Waf1 contributes to deregulation of G1/S and G2/M checkpoints in E1A+cHa-ras transformants.
Results
E1A+cHa-ras cells express wild type p53 that is able to trans-activate the target p21 cip1/waf1 gene
In this work we used transformants established from the normal REF cells by co-transfecting two complementing oncogenes E1Aad5 and cHa-ras, the latter bearing mutations at 12 and 61 amino acid residues (Sekia et al., 1985) . Both E1A oncoproteins and cHaras p21 protein are expressed at high levels in dierent clones of the E1A+cHa-ras cells (Figure 1a, left) . Using antibodies recognizing p53 protein in wild type 1 2 3 4 1 2 3 4
Figure 1 (a) Analysis of E1A, Ras, and p53 levels in dierent clones of E1A+cHa-ras expressing cells (the clones are marked by numbers). Left ± WB: E1A and Ras proteins were detected by M73 and panRas antibodies in a direct Western blot. Right ± IP: the protein extract from clone 10 was subjected to immunoprecipitation with antibodies recognizing wild type p53 conformation (Ab246) or a mutant form (Ab240), and the precipitated p53 was detected by sheep polyclonal Ab7 antibody followed by HRPconjugated anti-sheep antibody. (b) Eect of g-irradiation on the levels of p53, p21 Cip1/Waf1 and p27 KIP proteins in parental REF cells and in E1A+cHa-ras clone 10. The cells were irradiated at a dosage of 6 Gy and analysed 4, 14 and 24 h after g-irradiation (lanes 2 ± 4), lane 1 ± non-irradiated control. Separated proteins were probed with antibodies speci®c to p21
Cip1/Waf1 and p27 KIP . For p53, cell lysates were immunoprecipitated with Ab421 recognizing both wild type and mutant p53, then processed as described in (Lowe et al., 1993) . The amount of p53 protein was found to be additionally increased in E1A+cHa-ras cells following g-irradiation (Figure 1b ). This accumulation was not accounted for by transcriptional activation of p53 gene as followed from our RT ± PCR data ( Figure 1c) . The accumulated p53 protein seems to be functional as a p53-Luc reporter plasmid was found to be activated upon irradiation not only in REF but also in E1A+cHa-ras cells ( Figure  1d) . Besides, by means of RT ± PCR analysis we showed that the level of p21 cip1/waf1 mRNA transcripts was increased not only in normal REF but also in E1A+Ha-Ras cells following g-irradiation (Figure 1c ).
Both types of cells accumulate p21
Cip1/Waf1 and p27 KIP proteins after g-irradiation ( Figure 1b ).
The level of cyclins D, E and A, kinases Cdk2 and Cdk4, cyclin E, A-associated kinase activities were not changed after irradiation of E1A+cHa-ras cells
inhibits the activity of cyclin-dependent kinases regulating progression of cells through G1/S phases of the cell cycle (El-Deiry et al., 1993; Xiong et al., 1993) . Correspondingly, cyclins D, E and A are the ultimate targets for E1A oncoproteins (Bouchou et al., 1993; Spitkovsky et al., 1994; Zerfass et al., 1996) . Therefore, we analysed the level of cyclins D, E, A and cyclin-associated kinase activity in parental REF cells and of E1A-cHa-ras transformants at dierent times after g-irradiation (Figure 2 ). According to immunoblotting, the REF cells displayed an increase in the levels of cyclins D and E, and a decrease in cyclin A; but the levels of Cdk2 and Cdk4 kinases did not change (Figure 2, REF cells) . In contrast, the levels of cyclins E and A, and kinases Cdk2 and Cdk4 did not change after irradiation of E1A+cHa-ras cells; the level of cyclin D1 expression was very low (Figure 2a ). Importantly, an in vitro kinase activity assay performed with immunoprecipitates obtained with antibodies to cyclins E, A and Cdk2 kinase did not reveal any signi®cant decrease of high cyclinassociated activities following g-irradiation of E1A+cHa-ras cells. In contrast, in REF cells cyclin E, A-associated activities and Cdk2 kinase activity were inhibited 4 h after irradiation ( Figure 2b , IPs with cyclin E, A, and Cdk2). These events coincide with the onset of G1/S arrest of the cell cycle in girradiated REF cells.
Phosphorylation of pocket-proteins and the amount of free E2F did not change following g-irradiation of E1A+cHa-ras cells
One of the main consequences of the inhibitory eect produced by p21
Cip1/Waf1 on cyclin-associated kinase activity in normal cells is accumulation of hypophosphorylated tumor suppressor protein pRb and other pocket-proteins p107 and p130 that negatively control the G1/S progression (Bartek et al., 1996; Jacks and Weinberg, 1996) . In the non-irradiated proliferating REF and E1A+cHa-ras cells, pocket proteins pRb, p107, and p130 were detected in both phosphorylated and non-phosphorylated forms ( Figure 3a) . However, the amounts of these proteins were signi®cantly higher in E1A+cHa-ras transformants as compared with normal REF cells (Grana et al., 1998) (Figure 3b , marked A and B), the process being correlated with a decrease in the proportion of S phase cells. Remarkably, E1A+cHa-ras transformants did not reveal any signi®cant changes in the ratio of phosphorylated/non-phosphorylated forms in irradiated cells (Figure 3a) . Also, nonirradiated E1A+cHa-ras cells have higher levels of free Cell lysates were subjected to immunoprecipitation by antibodies to cyclins A and E, and Cdk2 kinase. Kinase activity was determined in the presence of histone H1 as a substrate. Lane 1: control (non-irradiated) cells, lanes 2 ± 4: kinase activity at dierent intervals after exposure to irradiation (4, 14 and 24 h)
Cip1/Waf1 function DV Bulavin et al E2F, and there was no reduction in the amount of free E2F after irradiation.
P21
Cip1/Waf1 is located in the nuclei of E1A+cHa-ras transformants and is able to associate with Cdk2, Cdk4 and PCNA
In spite of high levels of p21
Cip1/Waf1 and p27 KIP detected in the non-irradiated E1A+cHa-ras transformed cells, the activities of Cdk2 and cyclinassociated kinases are signi®cantly higher than in normal REF cells. Even though p21
Cip1/Waf1 and p27 KIP were accumulated after g-irradiation of E1A+cHa-ras cells, the inhibitors were unable to suppress cyclin E/ Cdk2, cyclin A/Cdk2 and Cdk2 activities. Since several transformed cell lines were shown to express a truncated form of p21
with cytoplasmic localization (Poon and Hunter, 1998), we performed an immuno¯uorescent study of p21
Cip1/Waf1 intracellular distribution. Data presented in Figure 4a show that p21
Cip1/Waf1 was found in the nuclei of control and irradiated E1A+cHa-ras cells. According to immunoprecipitation data, p21
Cip1/Waf1 does not lose the ability to interact with Cdk2 and Cdk4 kinases (Figure 4b and c) . By co-immunoprecipitating Cdk2 and Cdk4, the amount of which is not changed upon g-irradiation (see Figure 2a) , we detect that the amount of p21
Cip1/Waf1 bound to Cdk2 is increased in irradiated normal and transformed cells, whereas p21
Cip1/Waf1 /Cdk4 complexes are accumulated only in REF cells (Figure 4b ). According to our Western blot data, the level of PCNA was found not to be changed in irradiated normal and transformed cells (Figure 4c , WB). PCNA-bound p21 Cip1/Waf1 , however, was increased in irradiated normal and transformed cells (Figure 4c , IP PCNA).
E1Aad5 oncoproteins are able to interact and suppress p21
Cip1/Waf1 inhibitor following g-irradiation of E1A+cHa-ras cells We showed that the high level of Cdk2 kinase and cyclins E, A-associated kinase activities could not be explained by intracellular redistribution of p21 Cip1/Waf1 or its inability to interact with target kinases. Therefore, the lack of inhibitory properties of p21 Cip1/Waf1 is likely to be accounted for either by the E1A oncoproducts or by yet unidenti®ed cellular proteins interacting with p21 Cip1/Waf1 . By using anti-E1A monoclonal antibody to immunoprecipitate E1A-associated proteins in E1A+cHa-ras cells, we found that at least a part of p21 Cip1/Waf1 was indeed bound to E1A (Figure 5a ). Since the accumulation of total p21
Cip1/Waf1 in g-irradiated E1A+cHa-ras cells is accompanied by its increased binding to E1A ( Figure  5a ), this interaction may be responsible for functional inactivation of p21 Cip1/Waf1 . To prove this suggestion, we determined of p21
Cip1/Waf1 -associated activity in irradiated REF and E1A+cHa-ras cells. The p21
Cip1/Waf1 was immunoprecipitated by Ab4 antibodies, and kinase activity was estimated in an in vitro kinase assay with histone H1 as a substrate (Figure 5b) . The results show that in normal REF cells p21 Cip1/Waf1 is bound with inactive kinase complexes, whereas p21
Cip1/Waf1 -associated activity in E1A+cHa-ras cells, being relatively low in non-irradiated cells, is increased upon g-irradiation (Figure 5b ).
E1A+cHa-ras transformants do not have G1/S block after g-irradiation but undergo a G2/M delay followed by polyploidy and a programmed apoptotic death
We assessed the ability of normal embryo ®broblast cells and E1A+cHa-ras transformants to undergo cell Electrophoretic-mobility-shift-assay was carried out with E2F binding site of adenovirus E2 promoter, the retarded bands were separated on native 5% polyacrylamide gel. Gel was dried and exposed to X-ray Kodak ®lm. E2F-free E2F; the sequence-speci®c complexes indicated as (a) and (b) contain E2F bound to pocket-proteins and cyclin/Cdk Of analysed 400 DAPI-stained nuclei, the proportion of IdU-positive cells in nonirradiated E1A+cHa-ras cells was 66%, then 24 h following irradiation the number of IdU-labeled cells became 43 ± 46%. There was a shift of IdU-labeled areas to the regions with DNA content around 8N and higher ( Figure 6b ). The polyploid cells often contain IdU-labeled micronuclei; the proportion of such micronucleated cells being increased from 10 ± 38% upon g-irradiation of E1A+cHa-ras transformants. Microscopic observation of DAPI-stained g-irradiated E1A+cHa-ras transformants reveals a signi®cant proportion of cells having enlarged lobular nuclei of irregular form that contain micronuclei (Figure 6c ). However, 48 h following g-irradiation, the fraction of polyploid cells was greatly reduced simultaneously with appearance of a dominant hypodiploid peak ( Figure  6a ).
Discussion
Here we have shown that normal REF cells transformed with E1A+cHa-ras oncogenes could not be arrested at G1/S following g-irradiation, even though the initial steps of p53-dependent events are functional. E1A+cHa-ras cells are characterized by expression of wild type p53, which is functional as a transcription factor. But the accumulation of p53 and increase of p21 Cip1/Waf1 mRNA and p21 Cip1/Waf1 protein Figure 4 (a) p21 Cip1/Waf1 inhibitor is located in the nucleus of non-irradiated (control) and g-irradiated E1A+cHa-ras cells. Cells were grown on coverslips, exposed to 6 Gy, ®xed in 4% of paraformaldehyde, then permeabilized in 0.2% Triton X-100 solution and stained with primary antibodies speci®c to p21 Cip1/Waf1 proteins followed by staining with secondary antibodies Cy3 (Amersham). , the kinase complexes were assayed by using histone H1 as a substrate (HH1). Lane 1; control (non-irradiated) cells: lanes 2 and 3 present result for cells 4 and 24 h after g-irradiation
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Cip1/Waf1 function DV Bulavin et al following g-irradiation of E1A+cHa-ras cells do not lead to a G1/S block of the cell cycle implying functional defects of cyclin-kinase inhibitor p21 Cip1/Waf1 or its downstream targets.
We have found that E1A-cHa-ras transformants expressed several cell cycle-regulating proteins at high levels. In addition to the elevated amount of p53, cyclins E and A, Cdk2 and Cdk4 kinases, pocket- . High levels of cell cycle-regulating proteins are unlikely caused by activation of gene transcription but rather by the increase of the protein life span. It has been recently shown that E1A stabilizes p53 through a modi®cation of ubiquitin-proteasome pathway (Nakajima et al., 1998) . The same mechanism may be assumed for stabilization of cyclins and other cell cycle proteins, which in normal cells should be destroyed properly at speci®c points of the cell cycle through a ubiquitin-proteasome pathway (King et al., 1996) .
In spite of high levels of kinase inhibitors and their additional accumulation in g-irradiated E1A+cHa-ras transformants, the cyclin-associated kinases are active; moreover these activities are not decreased after irradiation. We show here that p21
Cip1/Waf1 inhibitor could be co-immunoprecipitated with E1A from cellular lysates of control and g-irradiated E1A+cHa-ras transformants (Figure 5a ). By analogy with p27 KIP (Mal et al., 1996) , we suggest that interaction between E1A and p21
Cip1/Waf1 will suppress formation of p21
Cip1/Waf1 complexes with appropriate cyclin-Cdks. However, we did not notice a reduction of p21
Cip1/Waf1 binding with Cdk2 and Cdk4 both in control and irradiated E1A+cHa-ras transformants. Moreover, there was a clear increase of p21
Cip1/Waf1 association with Cdk2 kinase after irradiation. Similar results have been obtained for HPV16 E7 oncogene-transformed keratinocytes, in which p21
Cip1/Waf1 bound to E7 still was able to interact with Cdk2 but failed to inhibit Cdk2 kinase activity (Jones et al., 1997) . We have demonstrated that p21 Cip1/Waf1 -associated kinase activity in E1A+cHa-ras transformants was increased upon g-irradiation at the same time with accumulation of the Cdk2/p21
Cip1/Waf1 complexes ( Figure 4b ) and p21
Cip1/Waf1 / E1A complexes (Figure 5a ). These results suggest that E1A interferes with the inhibitory function of p21 Cip1/Waf1 thereby preventing cells from G1/S arrest. Binding of E1A to other cell cycle-regulating proteins also contributes to this growth-promoting eects. It is known that E1A binds to pRb releasing free E2F, thus bypassing the requirement for cyclin Dassociated kinase activity in G1/S transition (Nevins, 1992) . However, complete inactivation pRb and activation of E2F does occur due to subsequent phosphorylation of pRb by cyclin D/Cdk4,6 and CyclE/cdk2 kinase complexes (Lundberg and Weinberg, 1998 ). In the absence of cyclin D expression (Figure 2 ), high activity of cyclin E/Cdk2 complexes can be a prerequisite for constitutive phosphorylation of pRb rescuing E1A+cHa-ras transformants from girradiation-induced G1/S arrest.
In addition to mediating G1/S block, wild type p53 is likely to be involved in G2/M checkpoint control following DNA damage. It has been demonstrated that mouse embryo ®broblasts with the genotype p53
, which lack of an eective G1/S block of the cell cycle, still undergo G2 arrest after g-irradiation (Deng et al., 1995) . Cell cycle distribution indicates that g-irradiated E1A+cHa-ras transformants do not undergo G1/S block, although a G2/M delay is clearly seen (Figure 6 ). Importantly, the G2/M delay is followed by polyploidity of the cells and then by apoptosis. The polyploid cells are able to incorporate IdU and, in fact, occupy the discrete regions of the histogram with DNA content around 8N and 16N (Figure 6 ). It has been recently shown that colorectal carcinoma cells HCT116 with genotype p53
undergo a G2-like arrest and develop cell polyploidy following g-irradiation (Waldman et al., 1996) . By means of FISH analysis, the authors have observed an irregular chromosome endoreduplication in polyploid cells with lobulated nuclei (Waldman et al., 1996) . Later, this group has explained polyploidy as a result of incorrect entering of p53
7/7 HCT116 cells into mitosis which was never completed by cytokinesis (Bunz et al., 1998) . It is shown that the forced expression of p21
Cip1/Waf1 and p27 KIP inhibitors can also promote polyploidy due to endoreduplication in Rb 7/7 cells, whereas these kinase inhibitors cause the G1/S and G2/M arrests in Rb +/+ cells (Niculescu et al., 1998) . High expression level p21
Cip1/Waf1 might be a cause of polyploidy of irradiated E1a+cHa-ras cells. These cells express wild type p53 (Figure 1a ) and have E1A-bound pRb and other pocket-proteins, i.e. they are similar, to some extent, to Rb 7/7 cells (Bulavin et al., 1998) . G2/M delay observed in g-irradiated E1A+cHa-ras cells cannot be stringently considered as a valuable G2/M block. We consider it as a temporary delay of G2-phase during which DNA replication can continue. Indeed, E1A+cHa-ras transformants are characterized by constitutive high level of free E2F transcription factors that promote of S phase gene transcription (De Gregory et al., 1995) . Besides the free E2F, we showed high cyclin A/Cdk2 kinase activity that is indispensable for DNA replication. A combination of these events can lead to formation of polyploid cells during a temporary G2/M delay induced by g-irradiation (Figure 6a ).
Taken together, our results indicate that function inactivation of p21
Cip1/Waf1 and pRb in E1A+cHa-ras transformants expressing wild type p53 can deregulate G1/S and G2/M checkpoint control of the cell cycle upon g-irradiation. During a temporary G2/M delay induced by DNA damage E1A+cHa-ras cells develop polyploidy followed by apoptosis.
Materials and methods

Cell cultures
Normal rat embryo ®broblasts (REF) and REF cells transformed with E1Aad5 plus cHa-ras oncogenes were grown in DME medium supplemented with 10% fetal calf serum at 378C (FCS, Gibco). For g-irradiation, cells were seeded at density 10 5 /cm 2 and 18 ± 24 h later were irradiated at dosage of 6 Gy.
Flow cytometric analysis
The cell cycle distribution was analysed by means of¯ow cyto¯uometry of propidium iodide-stained cells. Twoparametric analysis was performed using a FACSort¯ow cytometer ATC300 (Brucker). S phase cells were labeled by incorporation of 5-iod-2'-deoxyuridine (IdU) 10 mM for 1.5 h and then ®xed in methanol containing 5% acetic acid for 20 min at 7208C. Cellular DNA was denatured in 2% HCl containing 0.5% Triton X-100 for 30 min at 378C. After neutralization with 0.1 M solution of sodium tetraborate pH 8.0, the cells were incubated with the primary anti-BrdU antibodies (Boehringer Mannheim) for 1 h at 378C. As for
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Transient transfections and luciferase assay
Transient transfections were conducted by a calcium phosphate precipitation method according to (Graham and van der Eb, 1973) . As reporter plasmids, PG13-Luc and MG15-Luc constructs bearing p53-responsive wild type and mutated sites respectively have been used (a kind gift of W El-Deiry). As an internal control for transfection eciency, a reporter plasmid CMV-bgal has been used. Cells were irradiated 24 h following transfection. Cell extracts were prepared 4, 14 and 24 h after irradiation. Preparation of cell lysates and analysis of luciferase activity have been carried out according to the instructions of the manufacturer (Promega).
Cell extracts, immunoblots and immunoprecipitations
For immunoblotting and immunoprecipitation, cells were lysed in RIPA buer containing 10 mM Tris-HCl pH 8.0, 150 mM NaCl, 1 mM EDTA, 1% NP40, 0.5% Triton X-100, 20 mM b-glycerophosphate, 1 mM sodium orthovanadate, 1 mM PMSF and protease inhibitors leupeptin, pepstatin, aprotinin (10 mg/ml). Proteins were separated by electrophoresis on 10% polyacrylamide gel in the presence of 0.1% SDS, transferred onto membrane and probe with appropriate antibodies. Broad-molecular-mass colored markers were used as molecular weight standards (BioLabs). Immunoprecipitation were carried out as described (Duyndam et al., 1996) , the complexes were collected by Protein A-Sepharose beads. As primary antibodies, we used monoclonal antibodies to p53 (Ab1, Ab3, Ab4, Ab5), p21
Cip1/Waf1 (Ab4), PCNA (PC10), E1A (M73), Cdk4 (C-22), cyclin A (H-432), cyclin E (C-19), Rb (C-15), p107 (c-18), p130 (C-20), panRas (Sigma). An antibody speci®c to Cdk2 was a kind gift of Alt Zantema. As for the secondary antibodies, anti-mouse and anti-rabbit antibodies conjugated with horseradish peroxidase were used (Jackson Immunochemicals). Visualization of membranebound proteins was performed by an enhanced chemiluminescence (ECL, Amersham).
In vitro kinase assay
In vitro kinase assay was carried out according to (Duyndam et al., 1996) as follows: cell lysates were immunoprecipitated with the appropriate antibodies for 2 h followed by incubation with Protein G-Sepharose or Protein A-Sepharose beads for 1 h. After washing with lysing buer (two times), the probes were washed with a kinase buer: 20 mM HEPES, pH 7.9, 20 mM MgCl 2 , 2 mM MnCl 2 . Kinase reaction was conducted in 50 ml aliquots containing 20 mM HEPES pH 7.9, 20 mM MgCl 2 , 2 mM MnCl 2 , 1 mM DTT, 50 mM cold ATP, 5 mCi [g-32 P]ATP, 1 mg of histone H1 (Boehringer Mannheim). The reaction tubes were incubated for 1 h at 308C. The reaction was terminated by addition of 20 ml of 36sample buer and boiling for 5 min. The proteins were separated in 12.5% polyacrylamide gel, dried and exposed to X-ray ®lm (Kodak).
RT ± PCR
Total cellular RNA was extracted by guanidin-isocyanate lysis followed by phenol-chloroform puri®cation (Chomczynski and Sacchi, 1987) . cDNA was generated from 2 mg of total RNA using random hexamers. PCR were carried out according to (Orlovskaya et al., 1997) with some modifications. PCR reaction mixture included 40 ng of each primer, 0.2 mM of each dNTP, 5 ng of synthesized cDNA, 1 unit of Taq polymerase, 5% DMSO and 0.05% Triton X-100. The following oligonucleotides were used as primers: for p21 cip1/waf1 -GCCGTGATTGCGATGCGCTCA (forward)/ ACAGCGACAAGGCCACGTGGT (reverse) (250 bp); for p53 ± CCATGAGCGCTGTCCGATG (forward)/TCCCAG-GGCAGGACAAACA (reverse) (305 bp); for gapdh (internal control) ± GGTCACCAGGGCTCGCCATTT (forward)/ CACGGAAGGCCATGCCAGTG (reverse) (653 bp). PCR ampli®cation were conducted by using the following parameters: denaturation at 938C ± 5 min, annealing at 658C ± 3 min, elongation at 728C ± 3 min. The each following cycle included: denaturation step at 938C for 3 min, annealing step at 658C for 1 min and elongation step at 728C for 2 min. The PCR products were analysed by electrophoresis on 5% polyacrylamide gel. The fragments of l DNA digested by PstI restriction nuclease were used as a standard of molecular sizes.
Nuclear extracts and gel retardation (EMSA)
Nuclear extracts were prepared according to a method (Schreiber et al., 1989) . Protein concentration was measured by Bradford's method (Bradford, 1976) . Electrophoreticmobility-shift-assay was carried out as described (Pospelov et al., 1994) . Reaction mixture for DNA binding included: 10 mM HEPES pH 7.9, 1 mM DTT, 1 mM EDTA, 8 mM MgCl 2 , 15% glycerol, 1 mg poly dI-poly dC (Pharmacia), 2 mg of nuclear extracts. The mixtures were incubated at 48C for 20 min, then labeled E2F oligonucleotide was added (30 000 c.p.m./ng) and incubation was continued for additional 20 min. E2F recognition site from E2 gene promoter (TTAAATTTGAGAAAGG) was used as a probe for retardation. Speci®c and non-speci®c oligonucleotides were added in competition experiments at 100-fold of molar excess over the labeled probe. DNA-protein complexes were separated by electrophoresis on 4% polyacrylamide gel (30 : 1) using Tris-borate buer pH 8.3 as an electrode buer. Oligonucleotides were labeled by polynucleotide kinase in the presence of [g-32 P]ATP.
Immuno¯uorescence microscopy
Cells were seeded on coverslips 24 h before irradiation, washed in 26phosphate-buered saline (PBS), ®xed in fresh 4% paraformaldehyde for 15 min at room temperature, permeabilized with 0.2% Triton X-100 for 20 min. Cells were rinsed with cold 16PBS and blocked by incubation with 5% bovine serum albumin (Sigma) in PBS. Incubation with primary antibody, washing, and incubation with Cyconjugated antibody (Amersham) followed this.
Note added in proof Whilst this manuscript was under review, Keblusek et al. (J. Gen. Virol. 1999, 80: 381 ± 390) reported that p21 Cip1/Waf1 was able to bind with its N terminus to E1A in an in vitro binding assay.
